Introduction: Inadvertent parathyroidectomy (IP) is not a rare condition following total thyroidectomy. However, the clinical relevance of IP is unclear. Aim: The aim of this study was to investigate the clinical effect of IP on postoperative hypocalcemia in patients undergoing total thyroidectomy. Materials and methods: A total of 214 patients who underwent total thyroidectomy for benign or malignant thyroid disease were included in the study. All patients were classified as patients without IP and those with IP. The two groups were then compared between each other in terms of postoperative hypocalcemia and other clinicopathological findings. Results: There were 32 (15%) males and 182 (85%) females, with a mean age of 50.2 years. IP was found in 38 (17.8%) patients. Both postoperative biochemical (p = 0.001) and symptomatic (p = 0.000) hypocalcemia were found to be more common in patients with IP compared with those without IP. Patients with IP had a significantly higher incidence of permanent hypocalcemia in comparison to those without IP (p = 0.000). Conclusion: IP is positively correlated with both transient and permanent hypocalcemia after total thyroidectomy. Careful surgical approach is of great importance to reduce the incidence of this disturbing complication.
IntroductIon
Hypocalcemia is among the most frequent complications after total thyroidectomy (TT), with a reported incidence ranging between 1% and 64% for transient hypocalcemia and up to 17% for the permanent form. 1 Although it is multifactorial, parathyroid insufficiency caused by injury to the blood supply or inadvertent removal of parathyroid glands (PGs) was reported as the most frequent reason for this complication. 2 -5 The presence of PGs in surgical specimens is not a rare condition, with an incidence of up to 21%. 6 Although most of the postoperative hypoparathyroidies improve within weeks or months after surgery, it is an important cause of concern to both patients and surgeons. Decreased quality of life, increased health costs due to prolonged medications, repeated hospitalizations, loss of surgical motivation, and long-term morbidities such as renal failure and neuropsychiatric disorders are associated with this complication, particularly the permanent form. At this point, the main question needed to be clarified is the effect of inadvertent parathyroidectomy (IP) on the development of a postoperative hypocalcemia.
In this study, we aimed to determine the clinical importance of IP on an early or late postoperative hypocalcemia in a Turkish patient group who underwent TT for benign or malignant thyroid diseases.
MAterIAls A n d Methods

Patients and Study Design
A total of 214 patients who underwent TT for benign and/or malignant thyroid disease in Eskişehir State Hospital between December 2016 and August 2018 were included in this retrospective study. Patients' age and gender, preoperative indirect laryngoscopy, baseline biochemical parameters, sonographic findings, fine needle aspiration biopsies, and final pathology results were recorded. The exclusion criteria were being under 18 years old, previous neck operation, presence of preoperative hypocalcemia, using a drug that interfered with calcium (Ca) homeostasis (Ca or vitamin D supplements, bisphosphonates, diuretics, lithium, etc.), and biochemical findings indicating renal insufficiency.
Total thyroidectomy with or without central/lateral lymph dissection was performed by a single surgeon in all cases. Serum Ca levels were checked at the first day, first month, and sixth month, postoperatively. The definition of postoperative hypocalcemia was accepted as serum-corrected Ca (measured Ca + 0.02 × (40 − serum albumin)) level less than 8.0 mg/dL.
Patients were considered to have symptomatic hypocalcemias in the case of hypocalcemia-related symptoms such as positive Chvostek's or Trousseau's sign, perioral or fingertip, paresthesias or numbness, and cramping.
This study was conducted in accordance with the declaration of Helsinki. Written informed consents were not obtained from the patients because of the retrospective nature of the study.
Statistical Analysis
The Statistical Package for Social Science (SPSS 20.0 software, IL-Chicago-USA) standard version was used for data analysis. Descriptive analyses were presented as number/percentage for categorical variables, and mean ± SD/percentages for continuous variables. Chi-squre test, Mann-Whitney U test, and Fisher's exact test were used to evaluate the differences between the two groups. p < 0.05 was accepted as significance level.
results
A total of 214 patients (ranging from 18 to 76) with a mean age of 50.2 years were included in this study. There were 32 (15%) males and 182 (85%) females. One-hundred and thirty-one (61.2%) patients were operated for a diagnosis of benign thyroid disease, while thyroid cancer was the surgical indication in 83 (38.8%) patients. At least one PG was found in pathological specimens of 38 (17.8%) patients. All the demographic and clinicopathological data were presented in Table 1 .
Patients were classified into two groups: patients without IP (n = 176, group I) and those with IP (n = 38, group II). Both groups were similar in terms of age, preoperative Ca, preoperative vit D, preoperative diagnosis, and type of surgery (p > 0.5). Gender was significantly different between the two groups (p = 0.021). Postoperative 1st day Ca level was significantly lower in patients with IP than those without IP (p = 0.005). Both postoperative biochemical (p = 0.001) and symptomatic (p = 0.000) hypocalcemia were found to be more common in patients with IP compared with those without IP. Permanent hypocalcemia was observed in eight patients of whom five was in patients of group II. Patients with IP had a significantly higher incidence of permanent hypocalcemia in comparison to those without IP (p = 0.000). Comparison of all clinical and pathological findings between the two patient groups were presented in Table 2 .
dIscussIon
As known, traditional rules for the prevention of IP are well recognized, including a meticulous capsular dissection of the thyroid gland, ligation of inferior thyroid artery close to the thyroid capsule, and a high effort for the identification of all PGs. 7 , 8 However, IP is not an uncommon finding in the pathological evaluation of the thyroidectomy material, and can be even seen in the hands of experienced endocrine surgeons. The incidence of IP in our patient cohort was consistent with those reported from the previous studies. 5 , 9 -11 To date, various risk factors related to IP (such as female gender, reoperation, thyroiditis, duration of disease, malignancy, neck dissection, and nodal metastases) were determined in the literature. 8 -10 , 12 -14 However, it should be stated that those results are highly variable between the published studies. For instance, Cristakis et al. and Zhou et al. reported in their works that female gender was associated with the incidence of IP, while male gender was found to be a risk factor for IP in the study by Manouras et al. 8 , 14 , 15 On the other hand, sex was not related to incidental removal of PGs in other studies. 5 , 11 The results obtained from the present study showed that IP was more common in female Data are presented as mean ± SD for age, preoperative Ca, postoperative Ca, and preoperative vit D, and; n (%) for other variables. y, year; F, female; M, male; TT, total thyroidectomy; IP, inadvertent parathyroidectomy patients. However, age was not a significant risk factor for IP in our patient group, consistent with the majority of the previous studies. 8 , 11 , 12 Malignant disease with or without lymph dissection was determined as an associated risk factor for accidental removal of PGs. 5 , 13,14 , 16-18 However, neither malignancy nor the extent of surgical procedure was found to be associated with IP in our patient population. This result may be due to the relatively small number of patients who have undergone central or lateral neck dissection (or both). We also consider that a meticulous dissection in accordance with the standard surgical rules might have contributed to this result. It should be stated here that lymph dissection, especially central lymph node dissection, always carries additional risks for the removal or ischemic injury of all PGs. The question, which was also the main purpose of the present study, is that how IP effects the clinical course in such patients. The role of IP in the development of a transient or permanent hypocalcemia following TT is still unclear. Some authors reported that IP was associated with hypocalcemia, whereas IP was not found to be correlated to postoperative hypocalcemia in other clinical studies. 9 , 10 , 12 , 15 , 19 -22 First of all, the incidences of the transient and permanent hypocalcemia in our patient group were consistent with those reported by the previous studies. 12 , 14 , 22 -24 In our work, both biochemical and symptomatic hypocalcemias were significantly more common in patients with IP than those without IP. Similarly, Zheng et al. found that incidental parathyroidectomy was positively correlated with postoperative hypoparathyroidism. Since the postoperative serum PTH measurement was not in our routine clinical approach, this blood test was performed only in patients with a low postoperative Ca. Therefore, PTH levels cannot be statistically evaluated between the groups. Removal of PG is, of course, not the only factor leading to a postoperative hypocalcemia. Ischemic injury to the blood supply of PGs and postoperative fluid resusitation play important roles in the development of hypocalcemia. Nevertheless, the occurrence of hypocalcemia related to hypoparathyroidism is an expected situation following removal of PG. Our results were also in this direction except the correlation between IP and the sixth month Ca levels. Mean Ca level at the sixth month was not significantly different between patients with IP and those without IP. This can be explained by the reactive hypertrophic growth of the remaining PGs, and is not suprising because of the very small number of permanent hypocalcemia in routine practice.
This study has several limitations. First, it was conducted in a single center, which may limit the generalizability of the statistical results. A relatively small number of patients with a permanent hypocalcemia is another limitation, which makes it difficult to interpret subgroup findings. Finally, its retrospective nature may be considered as a limitation. However, a homogeneous cohort of patients by excluding operations other than TT (i.e. lobectomy and reoperations) and performing all operations by a single surgeon with standard surgical techniques may be the strengths of this study.
conclusIon
IP is positively correlated with both transient and permanent hypocalcemias after TT. Considering the clinical, social, and psychological effects of hypocalcemia, careful surgical approach is of great importance to reduce the incidence of this disturbing complication.
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